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ABSTRACT 

Especially in remote areas, e.g. in Canada or Scandinavia, the density of SWE measurements is 

up to now still very limited and all operations (stations and field trips) are usually costly, labour-

intense and/or risky.  

Based on a novel GNSS snow measurement approach, the team designed, developed and 

demonstrated an operational service for the island of Newfoundland/Canada within the European 

Space Agency ESA co-founded demonstration project SnowSense (2015-2018). The service is 

based on a system including autonomous GNSS based snow monitoring stations, Earth Observations 

(EO) of the snow cover, and an integrated hydrological model component (PROMET). This 

combined system approach enables the provision of spatial SWE information, run-off assessment 

and relevant information for hydropower plant management, particularly for so far non- or sparsely 

equipped catchments in remote areas. The key element of the system is the novel GNSS based in-

situ sensor, using static low-cost antennas and receivers, on the ground and on above the snow. 

These sensors are able to retrieve the snow parameters SWE and LWC (liquid water content in 

snow), using carrier phases and carrier-to-noise power density ratio measurements, and send the 

information via satellite communication several times a day. In combination with EO and the GNSS 

in-situ stations, the spatially results of the model are controlled and updated to provide all 

hydrological parameters, like the water stored in the snow cover and the river run-off. 

The authors will present the latest results of the station design, the performance, the snow 

measurements and the hydrological products, demonstrated within the demo operation 2017/2018 

for Newfoundland. In-situ stations are also in operation in Quebec/Canada, Germany and 

Switzerland. A commercial service roll-out is the overall target for the next winter. 

STATION DESIGN & OPERATION 

Focus of the development and design was to provide a solution for the retrieval of SWE 

measurements at locations so far not equipped with stations or not regularly visited by field trips. 

Based on the proven technology of using GNSS/GPS signals for snow parameter, a transportable, 

but also modular to be integrated in existing stations, solution has been designed, produced and 
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tested. Using the own power and communication sources, the in-situ stations can provide snow 

parameter on a daily basis, without geographical restrictions. 

Stations, primary developed for application in Newfoundland, had been additionally tested in 

Austria, Germany and Switzerland. First devices had been sold to national European science 

institutes and authorities. Station design and method of measurement are patented. 

Figure 1. Requirements and features of the in-situ station at a glance. Design and operation is dedicated to 

flexible installation and independent operation in remote areas. 

STATION PERFORMANCE IN QUEBEC/CANADA 

Beside the installations in Newfoundland (8 stations under operation in Winter 2017/18), a demo 

station was installed at the Forêt Montmorency site in Quebec *, in cooperation with the University 

Sherbrooke and University Laval. At this location numerous meteorological instruments are in 

operation. Regular manual measurements complete the information. 

The SnowSense station was installed in October 2017 and delivered daily SWE and LWC 

measurements without significant discontinuities. Power and communication system resisted the 

cold and wind environment without damage or failure. For a complete analysis, the recorded raw 

datasets had been additionally re-processed. 
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Figure 2. Upper panel: Daily SWE and LWC values at the Momo test site 2017/2018. Lower panel: Daily 

SWE and reference measurements (Campbell CS725 and manual probes). 

The received SWE values are in good concordance with the provided comparing / reference 

measurements by a Campbell CS725 sensor and manual measurements. Differences / divergences 

between the measurement algorithms are under investigation. All measurements are from the same 

site, but different footprint. All preliminary reference data by courtesy of Univ. Laval and Univ. 

Sherbrook – detailed publications are planned. 

In addition to the SWE, the SnowSense Sensor can provide measurements of the Liquid Water 

Content of the snow pack. With the LWC (measured several times a day) a good correspondence 

with rainfall and warm temperature events could be observed during the winter. 
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Figure 3. Daily LWC values at the Momo test site 2017/2018 related to rainfall events (upper panel) and 

warm temperature occurrence (lower panel). (Temperature and precipitation measurements received from the 

close by provincial and federal station site **.) 

SERVICE PERFROMANCE IN NEWFOUNDLAND/CANADA 

In addition to local measurements, SnowSense demonstrated it capabilities in providing spatial 

snow information and calculation of the run-off for the entire island of Newfoundland (~100.00 

km2). Based on the static information on the terrain (DEM, land use, soil) and the hydraulic situation 

(rivers, lakes, reservoirs) the daily product (had been released.  Beyond maps of the SWE, the run-

off Q was derived for several river locations in the main catchments. Based on the concept and 

design of SnowSense Service, the calculations had been forced by HRDPS*** data only (no 

meteorological station measurements, which are hardly available), assimilated with the information 

from online in-situ SWE information. Beyond the SWE and LWC information on a daily basis, EO 

observations, using Sentinel-1 satellites, had been used to control and adapt the model calculations. 

Regarding the run-off formation, basic information on the river network, the lakes and of single 
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reservoirs / managed lakes, had been included. Due to the large area and the demo purpose of the 

service for the winter season, the parametrization of the catchment characteristics was not performed 

to the final level of details. 

Results of the runoff calculation had been validated against available measurements from the 

Water Resources Management Divisions near-real-time stations ****, which are provided without 

quality checks. For the catchments of Humber River where a strong interest in flood forecast is 

predominating, the runoff results at one location are presented. 

Figure 4. Daily runoff results from SnowSense/PROMET without (grey), with assimilation (blue) of stations 

and EO observations against the values measured at Humber Village (catchment: ~7600 km2). 
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*  http://www.cef-cfr.ca/index.php?n=Membres.SylvainJutrasNEIGE 

**  http://climat.meteo.gc.ca/climate_data/hourly_data_e.html?StationID=32413 

***  https://weather.gc.ca/grib/grib2_HRDPS_HR_e.html    

****  http://www.env.gov.nl.ca/wrmd/ADRS/v6/Graphs_List.asp 

http://www.vista-geo.de/en/snowsense 

https://www.facebook.com/SnowSenseDemo/ 


